Abstract Surface soil moisture is a key variable to describe water and energy exchanges at the surface/atm interface and measure drought and aridification. The Ts-NDVI space is an effective method to monitor regional surface soil moisture status. Due to the disturbance of multiple factors, the established dry or wet boundary with monotemporal remote sensing data is unstable. This paper developed a Ts-NDVI triangle space with MODIS NDVI dataset to monitor soil moisture in the Mongolian Plateau in 2000-2012. Based on the temperature vegetation dryness index (TVDI), the spatiotemporal variations of drought were studied. The results indicated that (1) the general Ts-NDVI space method is an effective way to monitor regional soil moisture. However, if the single time space shows perfect structure, there would be no differences between the inverted results of the single time space and the general space. (2) The TVDI calculated in the paper is expected to show the water deficit for the region from low (bare soil) to high (full vegetation cover) NDVI values, and it is found to be in close negative agreement with precipitation and soil moisture; changes in the TVDI are dependent on the water status in the study area. (3) In the Mongolian Plateau, TVDI presented a zonal distribution with changes in Land Use/Land Cover types, vegetation cover, and latitude. Drought was serious in bare land, construction land, and grassland. Drought was widely spread throughout the Mongolian Plateau, and there was aridification in the study period. Vegetation degradation, overgrazing, and climate warming could be considered as the main reasons.
Introduction
Due to climate warming, the continuous increase of temperature has resulted frequent droughts (Li et al. 2004; Shu et al. 2011) . The central Asia and Northwest China have been considered one of these regions where the drought events occurred frequently, especially in the past 20 years (Jacoby et al. 1996; Zhao et al. 2006; Wang et al. 2008a, b; Seneviratne et al. 2002) . From 1947 to 2006, more than 80 % of the land area in the Eastern hemisphere suffered aridification, which was more obvious in Northern Africa and along the China-Mongolia border (Shi and Liu 2012) . The observations in Mongolia also indicate that aridification had become more serious over the last 40 years (Shi et al. 2002) .
Drought is an important disaster, and would lead to more regional disasters, such as degradation, soil and water loss (Gao et al. 2011) . Soil moisture (SM) is a critical factor in various environmental studies and is used as a key variable in several applications such as drought severity and duration, soil erosion, etc. (Wang et al. 2004; Xu 2006; Parinaz et al. 2012; Rahimzadeh et al. 2013) . Soil moisture could be used to monitor the region drought with water characteristics of strong absorption in shortwave infrared band (Gao et al. 2011) . Since the 1980s, a number of remote sensing indices (vegetation index, VI), such as, the normalized difference vegetation index (NDVI), the vegetation condition index (VCI) (Kogan 1995) , the normalized difference water index (NDWI) (Mcffters 1996) , etc., have been developed to investigation vegetation condition and amount or soil moisture for drought monitoring (Tucker et al. 1981; Malo and Nicholson 1990; Anyamba and Tucker 2005; Vicente-Serrano et al. 2006; Sun et al. 2013; Chandrasekar and Sai 2015) . However, one single vegetation index could not reflect the surface condition comprehensive. For example, NDVI is often referred to as a greenness index which represents the vegetation amount and chlorophyll content of vegetation rather than the water status of the region. Therefore, there is a need for a more sensitive indicator to reflect water stress monitoring (Rahimzadeh et al. 2013) . The land surface temperature (Ts) is an efficient indicator of energy distribution at the surface. Based on the negative correlation between the Ts and NDVI (Goetz 1997) , the vegetation index/temperature trapezoid eigenspace (VITT) was proposed (Sandholt et al. 2002) . Based on VITT, Sandholt et al. (2002) proposed the temperature vegetation dryness index (TVDI). In order to express the negative correlation between NDVI and Ts more clearly, researchers simplified VITT as the Ts-NDVI triangle space (the Ts-NDVI space) (Liu et al. 2008; Carlson 2007; Price 1990) (Fig. 1) . Researchers have monitored regional soil moisture using TVDI based on various remote sensing data, such as AVHRR (Rhee et al. 2010; Huber and Fensholt 2011) , MODIS (Chen et al. 2006; Caccamo et al. 2011) , Lansat TM (Gao et al. 2011) , and so on.
The Ts-NDVI space is easily affected by many factors, such as soil moisture, vegetation cover, quality of remote sensing data, and so on. These factors may lead to large differences in different periods, including the unstable dry/wet edges, which could not clearly express the theoretical edges of the space (Rahimzadeh et al. 2012 ). Thus, a stable Ts-NDVI space is required for a long-term regional drought monitoring. However, studies on the long-term regional soil moisture monitoring mainly focused on the models established by single time of remote sensing data or the comparison of a variety of drought index (Gao et al. 2011; Dogan et al. 2012; Du et al. 2013) . Yu et al. (2011) suggested that if the vegetation did not change greatly, based on years of remote sensing data, the general Ts-NDVI space could be established, which would provide a more stable dry/wet edges, and the edges would be closest to the theoretical edges.
The Mongolian Plateau, as the largest arid and semiarid Plateau in Northern hemisphere, plays an important role in the climate changes and sustainable development of the ecological environment in Northeast Asia and East Asia (Han et al. 2011; Wang and Feng 2013; Liu et al. 2013) . Studies suggest that the vegetation degradation in the Mongolian Plateau would affect the regional atmospheric circulation (Xue 1996; Liu et al. 2013 ). The vegetation degradation in the north China and south Mongolia may lead to the temperature increase in these regions and the temperature decrease in Central China; moreover, it would also result in the precipitation reduction in the north China and the precipitation increase in the Yangtz-Huaihe River Basin in China (Zhang et al. 2005; Wang and Feng 2013 Fig. 1 The Ts-NDVI triangle space (Sandholt et al. 2002) Land Use/Land Cover (LUCC), fragile ecological system, and unfavorable climate conditions, the Mongolian Plateau is considered to be an important dust source for global dust release (Zhang et al. 1996; Li and Liu 2012) . In the past 50 years, because of lacking of a long-term development plan and consciousness of sustainable development, the excessive exploitation, utilization, and consumption of resources have resulted in many ecological environment problems in this region. Drought is a serious natural disaster in the Mongolian Plateau (Wang et al. 2008a, b) , and aridification was obvious in the 21st century (Li and Liu 2012) . Additional climate disasters, such as the reduced snow cover (Sachula et al. 2012) , grassland degradation , desertification (Zhang et al. 2005) , and frequent dust storms, have occurred. The China-Mongolia border has become a region, where the most severe and frequently continuous droughts occur (Shi and Liu 2012) . There would be great scientific significance to monitor long-term drought variations in the Mongolian Plateau. However, former studies mainly focused on drought monitor in Northwest China (Yang et al. 2011) , North China (Bi et al. 2011) , and some regions of the Mongolian Plateau (Tian et al. 2012) . Studies focused on the drought variations in the whole Mongolian Plateau have relatively lack of reports. In this paper, using the long-term remote sensing data MODIS NDVI in 2000-2012, the authors develop a general Ts-NDVI space to estimate soil moisture in the Mongolian Plateau. Based on measured data, the relationship between TVDI and the soil moisture or precipitation is analyzed. Moreover, the spatiotemporal variations of the TVDI are studied and finally, the spatiotemporal variations of aridification in the Mongolian Plateau are deeply explored.
Materials and methods
The study area
The Mongolian Plateau (87°40′~122°15′ N, 37°46′~53°0 8′ E) belongs to the inland plateau in Asia. The Eastern side is the Great Khingan Mountains; the western side is the Altai Mountains; the northern side is the Sayan Ridge, Kent Hill, Yabuluonuo; and the southern side is the Yinshan Mountains. Overall, the northwestern plateau is mainly covered by the mountains; the southwestern plateau is mainly covered by the Gobi desert. There is a large area of hilly grassland in the middle and eastern part. The elevation decreases gradually from west to east, with an average value of 1580 m. The north plateau is affected by the water vapor from the Arctic Ocean, and the eastern part is affected by the water vapor from the Pacific Ocean. The annual precipitation is approximately 300~400 mm, and it decreases from north to south and east to west. In South Mongolia, the annual precipitation is almost less than 200 mm. The vegetation cover from north to south consists of forest, forest steppe, typical steppe, desert steppe, the Gobi desert, and typical steppe. This paper chose the Inner Mongolia Autonomous Region, Mongolia and the Tuva Republic as the study area. The total area of the study area is about 297.36 × 10 4 km 2 (Fig. 2 ).
Data and processing
MODIS/Terra NDVI products MODIS/Terra NDVI products (1-km MOD11A2 and 1-km MOD13A2) included in the study are obtained from the EOS data Gateway (NASA-EOS 2006). The MOD11A2 product (global 8-day 1 km surface temperature/emissivity data) includes the data from the 65th day, 2000 to the 353rd day, 2012. The MOD13A2 product (global 1 km 16-day vegetation index data) includes the data from the 49th day, 2000 to the 353rd day, 2012. To unify the resolution, the 16-day surface temperature/emissivity data are calculated from the mean values of the 8-day data.
Measured soil moisture data set
The 10-day measured soil moisture data set is obtained from the China Meteorological Science Data Sharing Service (http://cdc.cma.gov.cn/home.do). The data set includes the 10-cm relative soil moisture of the agrometeorological stations in the Inner Mongolian Autonomous Region from January 2000 to October 2012.
The land use/land cover data
The Land Use/Land Cover (LUCC) data (500 m) of 2001, 2005, and 2009 are collected from the National Science and Technology Basic Conditions Platform earth system science data sharing platform. The main LUCC types are forest, shrub land, grassland, cropland, bare land, construction land, wet land, and others (water area) (Fig. 3 ).
The observed meteorological data
The observed meteorological data (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) , including the monthly precipitation data, is obtained from the World Meteorological Organization (WMO) World Weather Watch Program. There are about 60 meteorological stations available in the Mongolian Plateau. The annual precipitation data is the cumulative precipitation in the growing season (AprilOctober). The methods
The establishment of the general Ts-NDVI space
Under certain geographical climatic and atmospheric conditions, the effects of soil moisture, evapotranspiration on Ts are larger than those of the net solar radiation absorbed by the land surface on the Ts (Sandholt et al. 2002) . If the total vegetation cover does not change to a large degree, the general NDVI-Ts triangle space could be combined using years of remote sensing data over the same period. This method could improve the traditional Ts-NDVI space established by one single satellite data and improve the stability of the dry/wet edges, which would be more suitable for a long-term soil moisture monitoring study.
The combination steps of the general Ts-NDVI space are as follows ( Fig. 4): (1) for a period of observation, the annual Ts-NDVI space is extracted by the remote sensing data of every year: with small intervals of NDVI value (0.001), the corresponding maximum or minimum Ts for every NDVI value is respectively obtained by using the maximum value composite method or the minimum value composite method. The dry edge is constituted by the maximum Ts values, and the wet edge is constituted by the minimum Ts values. (2) The combination of the general Ts-NDVI space: with the same interval NDVI value (0.001), by using the maximum value composite method or the minimum value composite method, the perennial maximum or minimum Ts for every NDVI value is respectively obtained from the Ts value in the dry or wet edge extracted above. The general dry edge is constituted by the perennial maximum Ts values, and the general wet edge is constituted by the perennial minimum Ts values. They could be calculated by the equations as follows:
where, I NDV I i is the NDVI value of the pixel i; Ts wet i is the corresponding minimum Ts value of very NDVI value (wet edge); Ts dry i is the corresponding maximum Ts value of very NDVI value (dry edge); a 1 , a 2 ,b 1 , and b 2 respectively means the intercepts and the slopes of the wet and dry edges in the general Ts-NDVI space. where Ts dry is the corresponding maximum Ts value of very NDVI value (dry edge), Ts wet is the corresponding minimum Ts value of very NDVI value (wet edge).
Definition of the temperature vegetation dryness index

The slope of TVDI
Linear regression analysis could be used to analyze the change in every grid, Stow et al. (2003) has used this method to estimate the greenness rate of change (GRC). This study uses this method to simulate the multiannual variation trends of the TVDI. The formula is
where, i is of the year, TVDI i is the mean TVDI of the year i. The linear regression trend line is the whole multiannual change trend of the simulated TVDI. The confidence level of the regression equation is significant (95 %). The regression trend line describes that the changes occur during the study period. If Θ slope > 0, TVDI during the study period increased, and vice versa.
Results and discussion
The improvement of the Ts-NDVI space Figure 5 presents the single-time Ts-NDVI spaces of every year and the general Ts-NDVI space. It is indicates the instabilities of the single-time Ts-NDVI spaces; there were some differences among the dry/wet edges in different years. Taking the year of 2002, 2005, and 2008 as an example, the dry edge and wet edge was closer, which had much difference with the dry edge and wet edge in the general Ts-NDVI space (Fig. 5) . Moreover, there were some points with a lower NDVI scattered outside of the wet edge in the single time spaces, which would reduce the accuracy of the linear fit in the wet edge.
In the general, Ts-NDVI spaces, the Ts values in dry edge were commonly higher than that in the single time spaces, and the Ts values in wet edge were commonly lower than that in the single time spaces. In addition, the boundaries of the general Ts-NDVI spaces were clearer than those of the single time spaces, the number of abnormal samples also reduced significantly in the general Ts-NDVI spaces (Fig. 5) . In the area with lower NDVI values, the differences in Ts of dry edge and wet edge were more significant; in the area with higher NDVI values, the differences in Ts of dry edge and wet edge were small, the dry edge and the wet edge gradually merged, a closed triangle space forms.
The correlation between the TVDI based on the general or the single-time Ts-NDVI space and the measured 10-cm soil moisture
Base on the general Ts-NDVI space, and Eq. 6, the 16-day TVDI (1 km) during 2000-2012 were inverted in the study area. The ground validation data were the 10-cm measured soil moisture (10-day) obtained from the China Meteorological Science Data Sharing Service. To match the time resolution of MODIS dataset, the measured 10-day soil moisture data was interpolated as the 16-day time series data. To match the spatial resolutions of the remote sensing data, the pixels with the NDVI variance <0.005 and the Ts variance <2°C were obtained by the 3 × 3 pixel window. The mean TVDI values in the 3 × 3 pixel window were calculated to establish the linear relationship with the measured 10-cm soil moisture data.
There was significant negative relationship between TVDI and the measured 10-cm soil moisture. The correlation index in every year was greater than 0.55 (P < 0.01) (Fig. 6) , indicating that the TVDI could reflect the variation tendency of soil moisture, and it could be chosen as a suitable indicator to monitor drought and aridification. The results show that in 2002, 2005, and 2008 , the correlations of the general Ts-NDVI space were better than that of the single time spaces, but there were no obvious differences of the correlation in other years (Table 1 ). In Fig. 6 , it could be explored that, in the above mentioned years, there were obvious differences of the Ts in dry or wet edge between the general and the single time spaces. It would be included that, if the single time space shows an unstable condition, and there are obvious differences between the single time space and the general space, then the inverted results of the general space would be more meaningful. Otherwise, if the single time space shows a perfect structure, then there would be no differences between the inverted results of the single time space and the general space.
The correlations between the TVDI and the measured 10-cm soil moisture showed major interannual fluctuation. It would be very different in the spatial and time resolutions between remote sensing data and the measured 10-cm soil moisture data. Although, the time interpolation and spatial buffer has been processed, the differences could not be eliminated completely. In addition, the differences of the atmospheric conditions, the sun angle, and the observation angle of remote sensing data in different years also affect the monitoring results. Fig. 6 The scatters of the 10-cm soil moisture and TVDI based on the general Ts-NDVI space
The correlation between the TVDI based on the general or the single time Ts-NDVI space and the cumulative precipitation Figure 7 delineates the linear correlation between the cumulative precipitation and TVDI based on the general Ts-NDVI space. To match the spatial resolutions of the remote sensing data, the pixels with the NDVI variance <0.005 and the Ts variance <2°C are obtained by the 3 × 3 pixel window. The mean TVDI values in the 3 × 3 pixel window are calculated to establish the linear relationship with the measured cumulative precipitation (April-October). There is obvious negative correlation between TVDI and the cumulative precipitation (Fig. 7) , which could indicate that, in the regions with low precipitation (<400 mm), precipitation would determine the drought degrees. Studies show that, in the regions with high precipitation, besides precipitation, other factors affecting the regional energy and water balance would also influence the occurrence of drought (Qi 2004) . Table 2 expresses the correlation between the cumulative precipitation and the TVDI based on the general or the singletime Ts-NDVI space. In 2002 In , and 2008 , the correlations in the general Ts-NDVI space were better than that in the single time spaces, but there were no obvious differences on the correlation in the other years (Table 2) , which would indicate the similar results mentioned in the BThe correlation between the TVDI based the general or the single time Ts-NDVI space and the measured 10-cm soil moisture^section: if the single time space shows an unstable condition, and there are obvious differences between the single time spaces and the general spaces, then the inverted results based on the general spaces would be more meaningful. Otherwise, if the single time space showed a perfect structure, then there would be no differences between the inverted results based on the single The coefficients in the table are the confidence level of 0.9, respectively Fig. 7 The scatters of the cumulative precipitation and TVDI based on the general Ts-NDVI space time spaces and the general spaces. In addition, the correlations between the TVDI and the cumulative precipitation also showed major interannual fluctuations, which would have resulted from the influence of the quality and the atmospheric condition for the satellite observation.
The spatiotemporal development of TVDI
This paper classified TVDI into five levels ( Table 3 ). The results show that TVDI can reflect the onset, duration, extent, and severity of drought in the study area (Fig. 8) . TVDI in the Mongolian Plateau presented a zonal distribution with changes in vegetation types, vegetation cover, and latitude. TVDI became lower in the areas with higher latitude, higher vegetation cover, or well-growing vegetation, which would indicate higher soil moisture and little drought events in these areas; in contrast, the soil moisture would be possibly lower in the regions with lower latitude, lower vegetation cover, or poorly growing vegetation, indicating frequent drought events in these areas (Fig. 8) . The wet and extremely wet levels mainly distributed in the Greater Khinggan Mountains in Inner Mongolia, the eastern and western regions in the Tuva Republic, and the north Mongolia mainly covered by forest. The normal level mainly distributed in the higher vegetationcovered grassland in the north and west Mongolia, the surrounding areas of the Greater Khinggan Mountains, and the cropland in the east and middle Inner Mongolia. The extremely dry and dry levels mainly distributed in the lower vegetation-covered grassland, desert, and Gobi in the south Mongolia, the east, west and middle Inner Mongolia. There were close relationships among the spatial distribution in drought, climatic zone, and precipitation. Overall, drought was widely spread in the Mongolian Plateau, which would mainly result from the dry climate and low covered vegetation. The low precipitation, high temperature in the summer, and the low temperature in the long-term winter may also lead to widely spread drought in the Plateau. Figure 9 shows that, during 2000-2012, TVDI increased mainly in west Tuva, west and north Mongolia, and southeast Inner Mongolia, which meant the decreasing soil moisture and the aggravated drought. TVDI decreased mainly in south Mongolia, south and southwest Inner Mongolia, and the cropland in east Inner Mongolia. In addition, in the Greater Khinggan Mountains, the soil moisture decreased in 2000-2012. In the grassland of west and middle Mongolia, where the meadow mainly distributes, the soil moisture showed a continued decrease. It could reveal that, due to overgrazing, the vegetation over decreased in these regions, which would result in the decrease of soil moisture. Table 4 shows that, in 2 0 0 0 -2 0 1 2 , t h e a g g r a v a t e d d r o u g h t a r e a w a s 139.86 × 10 4 km 2 , and the alleviated drought area was 66.35 × 10 4 km 2 . It would indicate that the drought aggravated in the Mongolian Plateau during 2000-2012. The area proportion of every level varied in one growth season. The extremely wet, wet, and normal area increase slightly from April to August and decrease in September and October. In April, drought is widespread in the Plateau (Fig. 8) . From May to August, with the increasing temperature and precipitation, vegetation begins to sprout and grow, the soil moisture and humid area keep on increasing, and the aridification appeared alleviated. In September and October, with the end of rainy season and growth season, the precipitation decreases, the dry and extremely dry level show a slight increase. But compared with April, drought in September and October was lighter. Although there was drought during the growth season, drought during the early growth season was more serious than that at the end of growth season. In the beginning of growth season, more water is needed for the vegetation germination, but the precipitation is relatively low, which would be responsible for these results. The variation of the aridification in the Land Use/Land Cover
There is a close relationship between soil moisture and LUCC (Fu et al. 1999; Huang et al. 2005; Wang et al. 2010; Rahimzadeh et al. 2013) . The soil moisture could affect the growth of plants, while the LUCC and vegetation cover could also affect the distribution and content of water in soil (Fu et al. 1999; Chen et al. 2006) . The LUCC in the Plateau is dominated by grassland and bare land (Fig. 2 , Table 5 ). The grassland mainly distributes in the western, northern, and southeastern regions in the Plateau, accounting for about 50.82 % of the total area. The bare land mainly distributes in the southwestern regions in the Plateau, accounting for about 27.10 %. In the north Plateau, the forest (8.14 %) is wildly spread. Shrub land accounted for about 4.89 % of the Plateau area. Cropland (8.35 %) mainly distributes in the Inner Mongolia. The TVDI calculated in the paper is expected to show the water deficit for the region from low (bare soil) to high (full vegetation cover) NDVI values. Comparing the TVDI values and LUCC types map (Fig. 2 and Fig. 8) show that the TVDI values were lower in forest and shrub land and higher in grassland, bare land, construction land, and crop land. Forest and shrub land were dominated by the wet and extremely wet levels, the normal level was the second one, and the dry and extremely dry levels were the least. In the forest, the wet/ extremely wet area and the normal area averagely accounted Fig. 8 The spatial distribution of the annual TVDI in [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] for about 89.86 and 9.89 % of the total area; the dry and extremely dry area only accounted for about 0.56 %. In shrub land, the proportion of the wet/extremely wet, normal, and the dry/extremely dry area account for about 73.00, 10.40, and 16.60 % of the total area, respectively. As expected, there was almost no drought in the forest. The dry/extremely dry area proportion in shrub land was obviously larger than that in the forest, which would suggest that there were some droughts in the shrub land. In grassland, bare land and construction land, the dry/extremely dry area accounted for the largest proportion, followed by the normal level, and the wet/extremely wet was the least one. Overall, there were obvious differences in the TVDI level allocation in different LUCC types; aridification was the most serious in bare land (about 80 % of the area suffers drought), followed by construction land, and grassland. In construction land and grassland, about 53 % of the area suffered drought. Based on the results obtained in the BThe correlation between the TVDI based the general or the single time Ts-NDVI space and the measured 10-cm soil moisture^and BThe correlation between the TVDI based the general or the single time Ts-NDVI space and the cumulative precipitation^sections, the TVDI was found to be in close negative agreement with precipitation and soil moisture; therefore, it can be inferred that changes in the TVDI are dependent on the water status in the study area. As cumulative precipitation for the growing season is higher in forest and shrub land than in the other LUCC types, it can be concluded that forest and shrub land have better water availability.
The dry/extremely dry area proportion in different LUCC types had few annual changes, but it had obvious monthly changes (Fig. 10) , which mainly occurred between grassland and bare land in September and October. From April to August, the dry/extremely dry area proportion in grassland was obviously larger than that in bare land, and in September and October, the trend was the inverse. These results indicate that, at the end of the growth season, drought is relieved in some areas of grassland. The reasons for these results would be considered in two parts: (1) at the end of growth season, the drastically reduced precipitation results in more severe drought in bare land and (2) overgrazing may lead to the appearance of bare area in grassland and the increasing soil moisture evaporation. Therefore, in the early and peak of the growth season, short-term drought would occur in some areas of grassland. However, there are no explicit data to explain this phenomenon; the causes and mechanism of this phenomenon would require an in-depth study.
Conclusion
Using the general Ts-NDVI space to invert TVDI is an effective method. If the single time Ts-NDVI space shows an unstable condition, and there are obvious differences between the single time space and the general space, the inverted results of the general space would be more meaningful. Otherwise, there would be no differences between the inverted results of the single time space and the general space. The TVDI calculated in the paper is expected to show the water deficit for the region from low (bare soil) to high (full vegetation cover) NDVI values, and it is found to be in close negative agreement with precipitation and soil moisture; changes in the TVDI are dependent on the water status in the study area. From 2000 to 2012, drought was widely spread throughout the Mongolian Plateau. In the Mongolian Plateau, TVDI presented a zonal distribution with changes in LUCC types, vegetation cover, and latitude. TVDI became lower in the areas with higher latitude, higher vegetation cover, or well-growing vegetation, which would indicate higher soil moisture and little drought events in these areas; the soil moisture would be possibly lower in the regions with lower latitude, lower vegetation cover, or poorly growing vegetation, indicating frequent drought events in these areas. The dry level dominated in bare land, construction land, and grassland, and drought in bare land was the most serious. The wet level dominated in forest and shrub land, and there was almost no drought in forest. There were close relationship among the spatial distributions in drought, climatic zone, and precipitation. The low Fig. 10 The area proportion of different drought level in every LUCC (a forest; b shrub; c grassland; d cropland; e bare land; f construction land) precipitation, high temperature in the summer, and the low temperature in the long-term winter may also lead to the widely spread drought in the Plateau.
